We examined (peak-to-background flux ratio p/b > 20) energetic electron bursts in the presence of VLF activity, as observed from the DEMETER satellite at low altitudes (∼700 km). Our statistical analysis of measurements during two 6-month periods suggests that: (a) the powerful transmitter NWC causes the strongest effects on the inner radiation belts in comparison with other ground-based VLF transmitters, (b) the NWC transmitter was responsible for only ∼1.5 % of total electron bursts examined during the 6-month period (1 July 2008 to 31 December 2008), (c) VLF transmitter-related electron bursts are accompanied by the presence of a narrow band emission centered at the radiating frequency emission, whereas the earthquake-related electron bursts are accompanied by the presence of broadband emissions from a few kHz to >20 KHz, (d) daytime events are less preferable than nighttime events, but this asymmetry was found to be less evident when the powerful transmitter NWC was turned off and (d) seismic activity most probably dominated the electromagnetic interactions producing the electron precipitation at middle latitudes. The results of this study support the proposal that the detection of radiation belt electron precipitation, besides other kinds of studies, is a useful tool for earthquake prediction research.
Introduction
Energetic charged particle precipitation from the radiation belts has been observed in the ionosphere at middle and low geographic latitudes and has been studied with a series of different methods in the last decades (Paulikas, 1975; Inan et al.,1978; Vampola and Gorny, 1983; Abel and Thorne, 1998; Koskinen, 2005; Katoh et al., 2005) .
Correspondence to: N. F. Sidiropoulos (nsidir@ee.duth.gr) The electron precipitation in the environment of the Earth's surface (∼100-2000 km) has been attributed to (a) intense VLF emissions by man-made transmitters (Gamble et al., 2008; Sauvaud et al., 2008; Graf et al., 2009) , (b) seismic activity (Galper et al., 1983; Ginzburg et al., 1994; Sgrigna et al., 2005; Fidani and Battiston, 2008; Aleksadrin et al., 2003; Anagnostopoulos et al., 2010a; Sidiropoulos et al., 2010) , and (c) lighting during thunderstorms (McCormick et al., 2002) . Electron precipitation is also known to follow geomagnetic storms, but this a more global phenomenon.
Space observations have advanced the earthquake precursory signals research on plasma and electromagnetic phenomena in the ionosphere (Boskova et al., 1994; Rothkaehl et al., 2006; Zhang et al., 2010; Athanasiou et al., 2011) . Energetic electron precipitation is another tool for earthquake prediction research that has recently attracted increasing interest.
Because of historical perceptions, energetic electron precipitation has been hypothesized to originate mostly from man-made VLF transmitter radiation, although a nonobservational basis has been known to confirm this impression as far as we know. On these lines, Sauvaud et al. (2008) , on the one hand noted that theoretical calculations have led to the "rather surprising conclusions" that man-made VLF transmissions may dominate losses in the inner radiation belts (Abel and Thorne, 1998 ) but on the other hand, their study based on DEMETER electron observations did not supported such a conclusion. Sauvaud et al. (2008) only came to the conclusion that an energetic electron structure associated with the most powerful transmitter of the US Navy in Western Australia extends in latitudes eastward of the west coast of Australia. Anagnostopoulos et al. (2010a) analyzed DEMETER in detail and described the behavior of energetic electron precipitation before great (M > 6.7) earthquakes (EQs). They examined the earthquake occurring in Japan on 16 August 2005, which was selected as a clear representative example
Published by Copernicus Publications on behalf of the European Geosciences Union. N. F. Sidiropoulos et al.: Comparative study on earthquake and ground based transmitter because of the absence of other great earthquakes in the previous time period (of ∼15 days). The most important finding of this study is a characteristic pattern of the temporal evolution of energetic electron precipitation (EEP) with an intensification at the first phase and a reduction of its strength in the second phase, which reaches a minimum around the earthquake occurrence time (MaxMin model). A spatial-temporal analysis has shown that the EEP almost ceases above the EQ epicenter a couple of (or a few) hours before earthquake occurrence. A "silence" in VLF emission a few hours before earthquake occurrence has also been reported in the ionosphere (Nemec et al., 2009 ) and on the Earth's surface (Contoyiannis et al., 2005) and it seems that these effects are selfconsistent. Furthermore, a similar minimum before earthquakes has been reported in several other physical parameters, the polarization of the magnetic field (Hayakawa et al., 1996) , the geomagnetic activity as inferred from Kp values (Anagnostopoulos et al., 2010c) , etc. The MaxMin model of electron precipitation was checked and confirmed for a statistical sample of great earthquakes in Japan, but it is probably a rather general feature of great earthquakes (Anagnostopoulos et al. (2010a, b) .
Another interesting result of the study by Anagnostopoulos et al. (2010a, b) is that the earthquake examined seems to control the electron distribution at large distances from the epicenter for several days before its occurrence.
The relative contribution of anthropogenic and earthquake-related belt electron precipitation has recently been addressed and estimated by Sidiropoulos et al. (2010) . In this study we have presented results from a statistical analysis of intense energetic electron bursts (peak-to-background flux ratio p/b >20) in the presence of VLF activity and we have found that other sources (no VLF transmitters) are responsible for >∼85 % of a total of 757 intense EBs examined in two ∼6 month periods. Sidiropoulos et al. (2010) inferred that seismic activity most probably dominates the electromagnetic interactions producing the electron precipitation at middle latitudes.
The purpose of this paper is to extend and further check the results of the study by Sidiropoulos et al. (2010) . In the present paper, particular emphasis is given to the distinction of the origin of EEP events by comparing the EBs with the dynamic electric field spectra in the VLF band. Our analysis reveals that the EQ-related EBs are associated with broad band VLF activity, whereas the transmitter-related EBs, as expected, are accompanied by a narrow band spectrum at the transmitter-emitted frequency. In some EBs, both earthquake and transmitter emission seems to influence the radiation belts, but the transmitter-caused effect strongly decreases with distance from the transmitter location. Our results further support our previous conclusion that seismic activity dominates the electromagnetic interactions producing the radiation belt electron precipitation at middle latitudes.
Instrumentation

DEMETER (Detection of Electro-Magnetic Emissions
Transmitted from Earthquake Regions) is a sun-synchronous, low latitude (∼710 km) satellite in a circular, almost polar, orbit (inclination 98.3 • ). Its scientific payload is composed of several types of sensors measuring waves and particles. In this study we use measurements from the two experiments: IDP (Instrument for the Detection of Particles Electrique) (Sauvaud et al., 2006) and ICE (Instrument Champ Electrique) (Berthelier et al., 2006) .
The IDP electron spectrometer covers all energies from 0.07-2.5 MeV in 256 energy bands, but our present work is based on the analysis of electron fluxes in the energy bands: 72-526 keV (Band 1), 526-971 keV (Band 2) and 971-2350 keV (Band 3). IDP has a maximum geometrical factor of 1.2 cm 2 sr and it measures electrons in the drift loss cone.
ICE measures electromagnetic and/or electrostatic waves in a wide frequency range, from DC to 3.175 MHz, subdivided into four frequency channels DC/ULF, ELF, VLF and HF. Here we use measurements from the VLF (0-20 kHz) channel.
The EEP events analyzed in the present paper are of the kind observed by DEMETER near the US Naval transmitter, North West Cape, Western Australia (21.81 • S, 114.16 • E), also known with the call sign "NWC". The NWC transmitter serves as a radio beacon for submarines of the US Navy and it radiates at a frequency of 19.8 kHz with a power of 1 MW. These characteristics have established the NWC transmitter as the strongest VFL transmitter in the world. The NWC VLF transmitter provides a great opportunity for a study on the comparative contribution of the natural and the manmade radiation belt electron precipitation because of its position in geographic latitude. The latitude of the NWC transmitter corresponds to an L of 1.45, where a good influence upon >100 keV electrons in the inner radiation belt is predicted (Sauvaud et al., 2008) . Thus a comparative study has been attempted and the contribution of NWC-related EEP bursts and of similar earthquake-related electron bursts (EBs) has been estimated.
Main types of energetic electron precipitation events observed by DEMETER
In the present study, we have attempted to study the main types of radiation belt electron precipitation events and the corresponding relative contribution of the causes producing each type. For this reason, we first compare the electron precipitation events with various forms of dynamic electric field spectra in the VLF band.
In Fig. 1 , on the left of the top panel, we present the fluxtime profiles of DEMETER/IDP energetic electrons in three energy bands (the low energy Band 1, the middle energy during the NWC related electron burst, its conjugate at north, and the maximum flux in the 7 two cases were observed. No other VLF signal is seen related to the NWC related electron 8 burst except the corresponding to the emitted frequency (red line at the 19.8 kHz). 9 The flux peak at ∼14:31 UT (indicated by a red arrow) superimposed on the background of the intensity profile of electron Band 1 is a temporal effect, a so-called "anomalous electron burst", not consistent with the shape of the normal flux-time profile at those latitudes (∼30 • S). This EB was detected when DEMETER passed very close to the position of the NWC transmitter. The brown line, the red circle, and the black square on the map on the right of Fig. 1 indicate the segment of the DEMETER trajectory during the time of the anomalous electron burst, the point of the trajectory when the flux was observed, and the position of the NWC transmitter in West Australia, respectively. We can see that the anomalous electron burst was quite strong with a peak-tobackground flux ratio evaluated as large as
The blue arrow above a peak at ∼14:51:40 UT and the blue square over Mongolia on the map indicate the time when the conjugate electron enhancement was detected during the same DEMETER semi-orbit. The conjugate EB shows a flux R p/b , about an order of magnitude lower than the value observed on the southern part of the spacecraft trajectory.
What is very important in the present study is the distinction between various types of electric field spectrum observed along with the EBs. As we have already mentioned, it is rather generally accepted that electron precipitation at middle latitudes is mostly due to earth-based VLF transmitters. Indeed, this is the case of the EBs shown in Fig. 1 . As we see, the only important VLF activity outside the radiation belts is a narrow band emission (red "line" at the top of spectrogram) centred at the radiating frequency (∼19.8 kHz) of the NWC transmitter; there is no other significant VLF emission signal in the spectrogram related to the time of the EB observed by DEMETER near the NWC transmitter of the US Navy. Therefore, we identify this type of electric field spectrogram as representative one of the cases of energetic electron precipitation events triggered by the emissions of earth based VLF transmitters, and particularly of the powered NWC transmitter. The EB at ∼13:20 UT on 16 August 2005 was observed during an anodic (night-side) semi-orbit that passed westward of the future Japan earthquake epicenter (44.5 • N, 125.6 • E); the brown line and the red square on the map of Fig. 2 indicate the segment of the trajectory when the EB was observed by DEMETER and the coordinates where the maximum in the energy band 1 electron intensity was measured. Since the energetic electrons travel along the magnetic field lines, they obviously produce a conjugate EB in the Southern Hemisphere, which is seen with a maximum at ∼13:00 UT. The position of the conjugate EB appears above Eastern Australia as can be seen by the brown line and the small blue square indicating the part of the same trajectory where the conjugate EB and its intensity maximum was observed by DEMETER.
In the electric field spectrogram in Fig. 2 , a strong VLF signal can be seen, which was observed around the time of the earthquake-related EB but for a longer time (∼6 min). This signal is dispersive and extends in frequencies all over the scale of the panel ranging from 0 to 20 kHz. The EB observed above Australia is also related to a broad band, but Only a characteristic earthquake precursor broad band VLF signal was observed simultaneously with the electron precipitation event (not accompanied by a narrow band emission at ∼19.8 kHz, since the NWC transmitter was not operating).
weaker in energy and shorter in time (<1 min) VLF emission, that is self-consistent with the suggestion that this event is the conjugate (not the original) one. We also note that a narrow band signal in the spectrogram of Fig. 2 is also present at the NWC radiating frequency (19.8 kHz), but it is weaker than the signal seen in Fig. 1 . We think that the time coincidence of the occurrence of the EB with the intense broad band VLF emission confirms that the earthquake in Japan plays, in this case, the main role in producing the electron precipitation at ∼13:20 UT on 16 August 2005 (Anagnostopoulos et al., 2010a, b), as we mentioned above.
Since the presence of the most powerful earth-based NWC transmitter in Australia could be considered as the major source of energetic electron events observed eastward of this transmitter (Sauvaud et al., 2008) , we analyzed DEMETER observations in this area for a period of several days when NWC was not operating, and obviously, other sources should be considered as agents similar to the NWC-related EBs. Such observations are presented in Fig. 3 . Figure 3 has also been constructed in the same format as Fig. 1 , but for the anodic semi-orbit #17157 1, during the time interval 12:46-13:22 UT, on 18 September 2007. During this period, DEMETER crossed the region with longitudes between 127.22 • -153.11 • E and a strong anomalous EB was detected at northern latitudes with a maximum flux (peak-to-background ratio R p/b ≈ 20 ) at ∼13:14:30 UT (blue square on the map on the right side of Fig. 2) . A weaker EB was observed in the Southern Hemisphere.
In the days after the two EBs seen in Fig. 3 , significant seismic activity was recorded with three great (M = 6.8,7.5,7.4) EQs occurring in a region within ∼12 • in longitude, between 142.6 • -164.12 • E: (A) 4.99 • S, 153.5 • E; M = 6.8, September 26, (B) 22 • N, 142.6 • E; M = 7.5, September 28, and (C) 49.27 • S, 164.12 • E; M = 7.4, September 30. The EB was observed northward of the epicenters of the three EQs, as usual. We think that the EB observed in the Northern Hemisphere, is probably related to the earthquake occurring at 22 • N (Mariana Islands, M = 7.5, 28 September), but the presence of other earthquakes at those times might also have contributed to the process.
The EB observed at ∼13:14:30 UT on day 18, was accompanied by a broad band emission in the region from a few kHz to ∼20 kHz. DEMETER also observed a weaker EB (red arrow) with R p/b ≈ 5, at southern latitudes (red square on the map of Fig. 3 ) during the same trajectory but not accompanied by a special signal in the VLF spectrogram. We consider this small burst as the conjugate one, as opposed to that observed in the Northern Hemisphere. Furthermore, we point out that no narrow band emission was seen in the spectrogram at ∼19.8 kHz, since the NWC transmitter was not operating. Since the NWC transmitter in Australia was not operating at those times, this implies that the broad band VLF emission related with EBs observed by DEMETER at northern latitudes some days before great earthquakes (eastward of the NWC transmitter) can be identified as an earthquakerelated VLF signal. Figure 4a has also been constructed in the same format as Fig. 1 and shows an EB detected at ∼10:37 UT on 12 May (the blue arrow in the top left panel) during DEMETER's anodic semi-orbit #9900 1. A strong earthquake (M = 7.5R) occurred near Kermadec Islands (31.81 • S, 180.69 • E; red circle on the map of Fig. 4a ) very close (30.6 • S, 179.42 • E) to the EB of 12 May, about four days later (16 May 2006 at 10:39 UT). The IDP/ DEMETER electron observations we examined for this time period suggest that this EB is included in a set of EBs observed between 1-16 May 2006. These follow the characteristic temporal evolution of earthquake precursor EBs reported by Anagnostopoulos et al. (2010a, b) , and show an intensification in the first phase and a reduction of the activity in the second phase which ceases above the epicenter a few hours before the EQ occurrence. This EB presented a strong peak-to-background ratio and was associated with a broad band emission extending in frequency range almost all over the range of the spectrogram, from a few kHz to at least 20 kHz.
The characteristic temporal evolution of electron precipitation for ∼15 days before the Kerdamec Islands EQ (not shown here) and the typical broad band VLF spectral signal suggest that the EB of 12 May is most probably a precursor signal of the 16 May 2006 earthquake. Figure 4b presents DEMETER observations close to the Kerdamec Islands earthquake discussed above, but very close to the time of its occurrence. The measurements shown in Fig. 4b were made in the time interval 09:14:30- Fig. 4b ). According to the electron precipitation temporal evolution pattern, the electron precipitation activity ceases a few hours before a great earthquake (Anagnostopoulos et al., 2010a) . Indeed, Fig. 4b reveals that no intense bursts (only small fluctuations) were observed near the epicenter ∼1 h before the earthquake. Figure 4b shows a similar weak narrow band emission due to the operation of the NWC transmitter, as in the case of Fig. 4a . However, the electron precipitation activity is absolutely different by ∼4 days (Fig. 4a ) and ∼1 h (Fig. 4b) before the strong earthquake of 16 May, eastward and relatively close to the NWC transmitter. Even though the NWC station was continuously radiating, the electron precipitation varied and followed a temporal evolution matching the occurrence time of the strong Kerdamec Islands EQ. These observations suggest that there is no significant influence of the NWC transmitter on radiation belt electrons at ∼200 • E in this case.
Statistical results
Spatial distribution of energetic electron precipitation events
In order to study the relative contribution of various sources triggering radiation belt electron precipitation events at middle latitudes, we first examined the spatial distribution of DEMETER anomalous energetic electron bursts. The statistical results (to be presented in a paper in preparation) on the strength of DEMETER EBs suggest that a distinct cloud of intense EBs (with high peak-to-background flux ratio) was observed close to the position of the NWC transmitter; such an example of an EB with a flux ratio as high as R p/b >10 2 was presented in Fig. 1 . Based on this finding, we decided to examine the spatial distribution of EBs resembling the kind of NWC-related intense EBs, and we used a relatively high flux threshold (R p/b =20) for selecting anomalous EBs. Then, we performed a statistical analysis by using a software package for the automatic selection of EBs (detailed information about the whole set of selection EB criteria is given in Appendix B). The spatial distribution of EBs selected in this way is displayed in Fig. 5 for two time intervals, Period I and Period II. The selection of these two statistical samples was based on the longest time interval, from 1 July 2007 to 22 January 2008 (Period II) when the NWC transmitter was not operating (Gamble et al., 2008) . Period I, from 1 July 2008 to 31 December 2008, is used for comparatively studying the EB spatial distribution under the influence of the NWC transmitter. Period I has a similar time interval to that of period II (second half of a year), in order to minimize possible seasonable effects.
In Fig. 5 we display the EB space distribution on the Earth's map for Period I (top panel) and Period II (bottom panel), as resulting from the automatic selection of EBs from our algorithm mentioned above. Here we should point out that our criteria are such that they miss electron precipitation events at low and high latitudes.
The set of intense radiation belt precipitation electron events peak-to-background flux ratio (R p/b >20) of Fig. 5 displays the general form of the electron spatial distribution known from previous studies (Sauvaud et al., 2008) . For instance, in the bottom panel of Fig. 5 we can distinguish the signature of the outer belt electrons in the cluster of asterisks at ∼40 • S, between 80 • -160 • E and the auroral electrons as a cluster at higher latitudes. A large area around the South Atlantic Anomaly (∼80 • W-40 • E) is devoid of points, since our algorithm selects events on the basis of intense peak-to-background flux ratio, not on the basis of absolute fluxes. In the top panel, during Period I, an additional set of points can be seen above the outer radiation belt electron points, between latitudes ∼25 • -30 • S, and longitudes ∼114 • -167 • E, which is obviously related to the NWC transmitter activity; this is implied from the fact that this electron event set was only observed during Period I, when the NWC transmitter was operating (NWC on) and was not observed during Period II, when the transmitter was turned off, as well as from the vicinity of these events with regard to the position of the transmitter. Other powerful earth-based transmitters are also operating in various countries around the world. Green and Fung (2005) reported that they identified over 100 stations generating emissions in the frequency range 10-50 kHz). Therefore, since a separate cluster of EBs can be seen in the north of Europe around Scandinavia (more evident during Period II; bottom panel of Fig. 5) , it is possible that this is a result of numerous transmitters located in Europe.
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Finally, we note that the EB distributions seen in Fig. 5 suggest that strong EBs cover the space both above ground and sea. Table 1 summarizes some interesting numbers for the two statistical samples of Fig. 5 ; Table 1 shows, for Period I and Period II, the global number of great (M > 7) earthquakes, the global number of EBs and of the cluster of the NWCassociated EBs. It also shows the occurrence frequency of all EBs observed by DEMETER and selected by our algorithm when the restriction for high values (peak-to-background flux ratio R p/b >10 2 ) was not applied. We see that: (a) a higher number of EBs was observed globally during Period II, when more earthquakes were recorded and the powerful NWC transmitter was not broadcasting than during Period I with lesser intense earthquakes while the NWC transmitter was operating (449 EBs during Period II with 14 EQs versus 374 EBs during period I with 5 EQs), (b), no EBs (from a total of 449 EBs) were observed in the same area when the transmitter was off, (c) intense EB in the NWC influence area were observed at a low occurrence frequency (2.1 %) 
Time duration of energetic electron precipitation events
We mentioned above in the description of Fig. 5 that strong EBs cover the space both above ground and sea. Since lighting is observed only above ground, it is rather impossible that lighting can be a significant source of the EB sample examined in Fig. 5 , at least above the sea, where a significant percentage of EB's was detected. In order to further check the possible contribution of lighting in generating strong EBs like those observed near the NWC transmitter and in general included in the statistical samples I and II (Fig. 5) , we examined the time duration of the DEMETER electron events shown in Fig. 5 and we present them with histograms in Fig. 6 . The results shown in Fig. 6 , for both Period I and II, imply that a percentage P >∼80 % of the EBs lasted for more than 2 min and that no EB lasted for <15 s. Such long duration times of the EBs suggest that the EBs examined here cannot be attributed to lighting, since the duration times of energetic electron spikes triggered by lighting are of the order of a few seconds (Chang and Inan, 1983) .
Day-night asymmetry
A day-night asymmetry is known to exist in VLF waves trapped in the plasmasphere. Since radiation belt electron precipitation is due to VLF wave-electron interaction, we wanted to check if such an asymmetry is present in EEP events. For this reason, we evaluated and present in Fig From Fig. 7 we see that in the dayside plasmasphere P increases almost monotically as R p/b decreases whereas in the nightside plasmasphere, it does so as R p/b increases. The comparison of the two distributions obviously suggests a day-night asymmetry in the detection of the DEMETER EBs, with an optimum presence of more strength electron events in the night-side plasmasphere.
Another interesting point to note from Fig. 7 is that for the time interval when the NWC transmitter was turned off, the inclination of the line appears low and smallest of all other lines in both distributions (Fig. 7a, b) . This observational finding suggests that the decreased anthropogenic VLF emission due to the non-operation of a powerful ground-based transmitter resulted in a remarkable weakness of the daynight asymmetry. This finding may suggest some difference in the generation process of anthropogenic and naturallycaused electron precipitation that should be studied in the future.
Summary of observations and conclusions
In this study we have attempted to estimate, for the first time, the partial contribution of various natural and anthropogenic sources in the generation of radiation belt electron precipitation events at middle latitudes (>∼ 23 • N/S) by a satellite in polar orbit (DEMETER). The relatively long time duration of events (and the detection over the sea) studied here excludes the contribution of lightning-generated (short lived) events from our analysis and, therefore, allows the direct comparison of the contribution of the earthquake-and ground-based transmitter-caused electron precipitation events.
Our comparative study of DEMETER electron observations with electric field spectrograms suggests that the electron precipitation events triggered by seismic activity are accompanied by broadband kHz emissions (∼1-20 kHz), whereas the ground-based transmitter-related events are normally accompanied by a narrow frequency band emission, centered at the emitting frequency (for instance around 19.8 kHz in the case of the transmitter of US Navy in Western Australia).
In order to estimate the relative contribution of the two sources, the great earthquakes and the ground-based transmitters, we used the statistical analysis of electron burst characteristics during two ∼6 month periods as a tool. The main results of our statistical analysis are the following: (1) the NWC transmitter produced much stronger electron precipitation effects than all other transmitters, (2) intense EBs were observed at a percentage of ∼2.1 % of the DEMETER passes above the NWC transmitter influence area (25 • -30 • S, 114 • -167 • E) in the time period examined, (3) the percentage of NWC-associated EBs (including the NWC conjugate EBs in the Northern Hemisphere) was only ∼1.5 % of the whole number of EBs, (4) more EBs were observed when the most powerful ground-based transmitter was off (Period II) than during a similar ∼6 month time interval (Period I) when the transmitter was operating (449 versus 374 EBs in the two cases), (5) during the Period II a higher number of great earthquakes occurred than in Period I (14 versus 5), (6) more intense EBs were observed in the night side than in the day side, with the day-night asymmetry found to be much weaker for the period when the powerful NWC transmitter was closed.
The above Points # 1-3 confirm the results of previous published papers on the major influence of the NWC transmitter on the inner radiation belts among all other transmitters (Gamble et al., 2008; Sauvaud et al., 2008) , but its total contribution to the electron precipitation events all over the globe appears to be very low. Point # 1 and 4 strongly suggest that earthquakes, and not VLF transmitters, are the major agent of the EBs analyzed in the present study.
It is generally accepted that an increase in the concentration of VLF waves leads to an increase in the interaction with electrons of the Van Allen radiation belts and that cyclotron resonance interaction between VLF waves and electrons leads to variations in the phase space of electron velocity (Pulinets and Boyarchuk, 2004) . Consequently, some energetic electrons obtain pitch angle in the loss cone, and penetrate into the ionosphere (Inan et al., 1978) . However, Point #5 suggests some difference in the generation process of anthropogenic and naturally-caused electron precipitation, but this differentiation should be further checked.
The results of the present study support the proposal that the detection of radiation belt electron precipitation is a useful tool for earthquake prediction research (Anagnostopoulos et al., 2010a) . In a paper under preparation, we will present an even more detailed comparative study on the relative contribution of earthquake-and the anthropogenic-related electron precipitation events.
